Summary A breeding colony of 27 female and 4 male stumptailed monkeys was established in a 300 m 2 laboratory. More than 80 infants were born over 6 years.
Summary
A breeding colony of 27 female and 4 male stumptailed monkeys was established in a 300 m 2 laboratory. More than 80 infants were born over 6 years.
In 1970 the Psychology Department of the University of Stirling decided to form a unit to study the social development of nonhuman primates. An architect was employed to design the 300 m 2 unit and, together with other members of the university staff, visited zoos and laboratories prior to formulating the design. As there was no existing primate unit, no one with appropriate experience was on site, and a director of the new unit was not appointed until construction had begun. As a consequence, some important questions were not asked and some costly errors were made in the design of the building.
The choice of species was governed by the requirement for animals with a complex behavioural repertoire and social structure while being easy to handle. Macaques have the complex social structure desired, and the stumptailed macaque (Macaca arctoides) is considered relatively gentle (Schrier, 1967) and similar to the much-studied rhesus monkey (Macaca mulatta) in behaviour (Chamove, 1973a) .
Housing
The object of the project was to provide infants for behavioural research in facilities which were easy to maintain, and in an environment that was easy to manipulate while being adequate for the social development of the animals. As these animals lack clear signs of oestrus, a harem system was chosen for breeding purposes.
6 ditTerent types of cages were ordered from 5 sources.
I. Test cage built by J. Russell within the University. Wedge shaped, 2·85 x 2·} x }·45 m high, it was designed so that an observer or a television camera would have an unimpeded view from a single position.
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This mild-steel cage, painted with stove enamel, works well for a wide variety of social testing procedures. However, the droppings pans were awkward and are no longer used; the faeces are now allowed to fall to the floor and are later washed away.
Test cage built by Realm Engineering Works Ltd
(Cowie, UK). It consists of 4 large rectangular cages, each O· 72 x O· 86 x I· 20 m. The mild-steel cage is painted with stove enamel, which has been worn otT on parts of the floor of the cage and where partitions slide. While unsightly, this presents no problems. The 4 cages are linked side-by-side and mounted over an automatic flushing tray connected to a mincing waste disposal unit (Model 50; Haigh Engineering Co. Ltd, Ross-on-Wye, UK). The automatic flushing was not effective and the waste disposal unit of 370 W (0· 5 hp) not sufficiently robust. This unit has recently been replaced with a 1120 W (1·5 hp) machine (Model H.D. 150/2; Haigh Engineering Co. Ltd,) which disposes of all the waste food and the faeces in the primate unit. The transport cage doors slide sideways on steel tubing which needs frequent lubrication. The cages can be separated from one another by a removable partition of either 6·5 mm thick rigid transparent plastic, 4·0 mm thick 'Darvic' (G. H. Bloor Ltd, Manchester, UK), or wire mesh. Because of the limitation of strength imposed by the large size of these dividers we are unable to use them with animals over 4 years of age unless we use 2 together between pairs of cages.
Cages for infants were purchased off the shelf (Associated
Crates Ltd, Stockport, UK). Sold as monkey cages, they measured 0·65 x 0·60 x 0.60 m and were made of galvanized steel. While rather crudely designed, the only problem with them has been the poor quality of the galvanizing, which had many sharp points. These cages are used for housing monkeys up to 2 years of age and have been fitted with interconnecting hatches.
Cages for newborn animals were designed and
made within the unit, 0·58 x 0·65 x O· 75 m, from heavy-duty white polythene tubs (WCB Containers, Stalybridge, UK). The tub is turned on its side and a light wire-mesh door fitted ot the open side (Fig. 1) . A rigid clear plastic sheet can be fitted to the inside of the mesh preventing very young infants from climbing up it before they are competent to climb down. A 40 W heat lamp is mounted outside the tub so that one corner of the enclosure is warmer, and the infant can lie there if it chooses. This 15 kg tub cage can be used for infants up to a year of age, but we use it only for the 1st month. The solid floor easily becomes soiled and wet, but this is not a problem for the young infants as they are supplied with soft cloths which absorb the moisture. The tubs have the advantage of being lightweight, inexpensive and draught proof.
5. Large housing cage, 1· 11 x I· 64 x I· 90 m, designed to our general specifications and built by All-Type Tools (Woolwich Ltd, London, UK). The 5 galvanized-steel cages are mounted on wheels and each has a light, removable aluminium droppings pan and removable stainless-steel grid floor. Animals can transfer from one cage to another through 2 rigid clear plastic hatches on either side of the cage. These allow the monkeys to see through to the adjoining cage and so reduce aggression when animals are confined to one cage. The positioning of these cages on the right side of the 33·5 m 2 colony room is shown in Fig. 2 . The shelf, made of aluminium bars, in shown in the 1st cage. Hatches at the rear of 2 of the cages allow the animals to enter the outside areas on either side of the colony room (Fig. 2) . Side and rear hatches are controlled by the staff from the front of the cage. These cages have been quite satisfactory, although the pop rivets began to wear out after 4 years and about half have had to be replaced in 6 years. Some of the central space of the cage is not used by the animals, and shelves or bars will be fitted. 6. Small housing cages, 0·65 x 0·60 x 0·75 m, were built to our general specification by Forth-Tech Services Ltd (Dalkeith, UK). We have 5 units each composed of 4 cages, 2 at a high and 2 at a lower level. Removable dividers enable the top or bottom row of cages to be made into a single continuous cage. The cages are shown (Fig. 2) on the left side of the colony room with 7 of the 12 dividers in place. A unique corner cage cannot be divided; it is useful when the unit is used with most of the dividers removed, but would be rather awkward if the row were to be frequently subdivided.
The cages are fitted with automatic watering, and with guttering located behind the cages where it is very difficult to clean. Faeces are raked forward, collected, and pulverised, and the remaining material washed into the guttering. The cages are made of stainless-steel: the gauge was left to the manufacturer and has not been sufficiently strong. Further, pop rivets were of other metals and have disintegrated. Within a year the cages wer.: requiring major repairs. They are now unserviceable and are being replaced. The decision to use stainless-steel in the hope that it would prove to be a longer-lasting cage was not a good one for the following reasons: there were numerous and serious design faults in the initial and unproven cage; galvanized cages would have been considerably cheaper, more easily repaired, and would probably have lasted as long as their design was useful.
The last problem with caging arose in the outside pens (Fig. 2) , which are divided and roofed by 25 x 5 em mesh. The mesh is not welded to the angle frame at every wire as it should have been and has broken loose, especially where the welding was poor.
It should also be noted that in both the 20·5 m 2 outside pens (Fig. 2, at B ) that the rigid clear plastic hatch-covers close by lifting rather than by lowering. This prevents a falling door injuring the monkeys. The hatch is controlled from the safety cage just inside the door. Another hatch-cover closes otT the hatches from inside the colony room.
The outside pens have toughened-glass windows for observation (Fig. 2) . For higher primates the mirror effect of one-way glass is more disruptive than seeing the experimenter. The observation windows are incorrectly sighted in that they are set into the wall instead of projecting into the room like a bubble, and because the ideal placement of an observation window is at the apex of a wedge so there are no blind spots. Also incorrectly sited is the safety cage; it should be located so as to enable the animals to be driven away from the handler and towards the hatches.
The outdoor pens were initially open to the sky, with a mesh roof, but whenever it rained the monkeys stayed indoors. Covering the shady (southern) half improved the design and the monkeys would sit under the dry half. During the day grain was scattered for 253 the animals as in the wild most of the day is spent foraging for small items of food. The smallest grain available was millet and the animals quickly cleared it from the roofing titles which covered the floor area. We then systematically experimented with wood chips, which proved an astonishing success. The chips were changed every 4 weeks, as compared with cleaning the bare pen on alternate days. We found that when using chips aggression was reduced to about 10% compared with the situation on the bare floor, there was a more even distribution of grain between animals, the animals spent 30 times more time on the ground so that the space in the cage was more uniformly and efficiently utilized, cleaning time was reduced by 50%, and the smell was less after 4 weeks with chips than after 24 hours with no chips (Chamove & Anderson, 1979) . We therefore decided to use wood chips permanently and, because they became sodden in the uncovered half of the pen, we completely covered the roof mesh of the pens with clear plastic sheet. Monkeys are shut inside at night in the winter. During the rest of the year most of them move inside voluntarily at dusk.
There were 4 remaining design problems that had to be rectified. Most of the walls were covered with plaster painted with either chlorinated rubber or epoxy paint. Where the animals could reach it with their fingers and where the pressure hose was used the paint and plaster was removed. A rule I have found useful is as follows: what a man can do using an iron nail as a tool a monkey can do with its fingers given the time. Most of the wall coverings have been replaced by cement rendering, using white sand and with a white colouring agent added.
Door openings of 0·69 m into rooms were too small to admit some items of apparatus. Substituting lift-otT door hinges has helped. Most of the wooden doors began disintegrating after 2-3 years of use and have needed replacement. Some have been replaced with clear polyvinyl-chloride (PVC) plastic flexible doors (Mandor Engineering, Ashton-under-Lyme, UK). Duplicated by a metal calliper door for security, these are satisfactory although noise attenuation is less.
Most rooms were fitted with 6 lamps each of 100 W, which did not even approach the recommended level of 324 Ix at cage level (NAS, 1968) and so were replaced with fluorescent lighting tubes controlled by a time switch. Floors w.:re laid level rather than sloping towards the floor drains, and were not truly flat but had slight slopes in all directions, resulting in pools of water after hosing. The flow in one room was away from the drain into the corridor, down the corridor away from its drain, out of the door of the unit itself and down the stairs. Where economical, new floors sloping to the drain were laid on top of the existing floors, and thresholds were fitted at the doors.
The unit is situated on the top (4th) floor of a building, permitting skylights in all rooms, with mesh covering the outside pens. Blocked drains, leaks and noise are sometimes a problem to those below.
Environmental control
Incoming air is heated using hot water and then blown into the primate unit where the duct divides into 2, each heated again by a heating battery. Various problems have arisen: during electrical failure the air supply is interrupted and the rooms gradually cool; if the hot-water supply fails, cold air is ducted into the unit and the temperature decreases rapidly; thermostat siting is crucial, and if 1 of the 2 is sited in the colony room which is connected to the 2 outside pens, the temperature of that room is stable but the other room temperatures fluctuate as the outside temperature varies, and vice versa; the system is relatively inflexible. and changes in room use which require different temperatures are very difficult and costly to make. In an attempt to avoid some of these problems we have installed a thermostat so that the intake fans stop if for any reason air temperature drops below 16°C. Although macaques can live in sub-freezing temperatures in large enclosures, in smaller cages they appear to need temperatures above 18°C. We also installed emergency electrical heating in the infants' room but as, because of the large room size, this was still unsatisfactory infants of up to 30 days of age are housed in a small room which can be more easily heated. We lost 2 infants from hypothermia when the large room temperature dropped to lOoC. Both were 15 days of age, whereas animals 20 and 23 days of age did not appear to sutTer.
Monkeys
Conditioned animals were imported and housed in pairs, males singly, in quarantine premises approved by the Ministry of Agriculture, Fisheries and Food under the Rabies Order of 1974. Upon arrival they appeared not to be the usual round-faced variety of stumptailed macaque, but had long, thin faces. Their coat colour varied from red to brown to black. A decision was made not to mass-medicate until some illness was diagnosed, but this proved inoperative. Adult macaques appear to hide signs of illness as long as possible. An incident illustrative of this occurred when all animals had been inspected, with particular attention paid to the few males. They all appeared healthy to the veterinarian, the technician, and the director. As the veterinarian was leaving, a male macaque collapsed and died within 5 min. All animals were subsequently treated with oxytetracycline for pneumonia and were treated for parasites. Almost all animals which died were found to have had pleurisy in the past, and most had moderate to severe lung adhesions.
All animals were given 3 intra palpebral tuberculin tests and all proved negative. Faeces were examined Chamove for Shigella and Salmonella, which are a major problem in macaques (although less so in the stumptailed, see Chamove, Cameron & Nash, 1979) , and it was felt that it was essential to eliminate them as they are particularly virulent in young monkeys, but none was found.
Release of the animals from quarantine
In order to encourage formation by the females of compatible groups all were released together. Some pairs or triads did result. It seemed that relatives or close friends recognized one another after quarantine and rushed excitedly together, whereas the 6 months of arbitrary pairing had not led to strong alliances; one female earned her name 'Doublecross' because she persistently attacked her former cage mate. The intensity of aggression precluded the arbitrary formation of large, stable subgroups so the animals were allowed to choose their sub groupings.
Stumptailed monkey groups do not settle as quickly as do rhesus, and the atmosphere of tension and aggression served to prolong the establishment of a dominance hierarchy.
No amount of submission would stop the dominants from asserting their priority, suggesting Rowell (1974) may be incorrect in suggesting dominance hierarchy is mainly a function of the behaviour of the subordinate, not the dominant. Towards some animals aggression was relentless, as in rhesus monkeys (Chamove & Bowman, 1978) , and these animals were removed to form a separate group. A male in the group would have reduced the duration and intensity of aggression, as we later found, but this was not possible at the time. 3 of the females were harassed in all of the groups so 2 were removed and housed separately each with a male. The males, housed singly for 6 months, were ecstatic and we observed the mating tie, not previously reported in stumptailed or any other monkey. These macaques are single-mount ejaculators. When approaching the female, the male stumptail makes a presex vocalization for about 18 s and looks rather like a human saying 'yum yum yum'. Mating details were recorded for 15 matings using 4 males each with the same female for a day. After the vocalization the male mounted and within 8 s ejaculated, continuing to thrust for an average of 15 s. The male then went rigid for about 3 s later began a vocalization which sounded like someone out of breath with a very low voice; the mouth was open and rounded. The male gripped the female firmly and the 2 appeared tied. The rigidity and growling lasted for almost 40 s, after which the male appeared to relax, slump to a sitting posture and stop vocalizing, and a few seconds later the pair usually untied and the female walked away.
A few weeks after this pairing of males with a subordinate female the males, each with his female, were introduced into the pens with the rest of the females. Owing to their large size, the males were immediately recognized as dominant. We then noticed a further modification of their mating behaviour: as soon as the tie phase of copulation began, a variable number of females approached and harassed the male, sometimes grabbing or even biting him (Fig. 3) . This harassment is more vigorous and consistent than previously reported for any primates. Males appear more excited when mating in groups; the duration of mount prior to ejaculation is slightly increased and the post-ejaculatory tie phase is significantly (77%) increased.
When the 2 males that had each been with a female were introduced into the groups, they protected their female with the result that she dominated all the other females. A permanent bond appeared to have formed between each of these males and their mates, and when male offspring were born to these 2 females, the males carried the infants (Fig. 4) . This never happened with \the infants of other females or in the group where this special relationship had not been induced. It persisted for the life of the animals, 6 years in the case of one pair. The dominant males continued to protect the young males, and in the one case where we allowed it, the infant male became 2nd in rank. When the dominant male died of a hernia, this young male became dominant and was observed mating with his mother, a most unusual occurrence in the wild. The males remained with the females for 6 months. 26 of the 27 females became pregnant. We had expected that most females would became pregnant in I or 2 cycles. However, births were spaced out to about 4·5 per month, and usually only I per week. This spacing was despite the fact that the females were in 4 separate groups of about 7 each, each group with its own male. Another unexpected observation was the occurrence of mating cycles during pregnancy. Several females continued to mate at about monthly intervals after impregnation. This phenomenon primarily occurred in those females which seemed more attractive to males.
As our colony increased in number it became necessary to sell some animals and to consolidate some of the groups. Several procedures were tried: that leading to most aggression was to allow the 2 groups of females together. The presence of a male reduced aggression somewhat. He gave an advantage to the females from his group unless a female from the other group was in oestrus, in which case aggression was prolonged. A better method was to introduce subordinate females from one group into the other, introducing the dominant females later. However, by far the best arrangement was to introduce I or 2 dominant females from one group into the other, gradually adding the more subordinate females. It is preferable to have a male present unless he prefers one of the newly introduced females, in which case he must be removed. pellets and rape seed-is thrown into the wood chips daily. At times our monkeys do not care for their infants, especially laboratory-reared females with their 1st infant. If this is the case, 2 procedures are followed while ensuring that the cage housing the infant and mother is kept warm. First we ensure the infant receives at least 30 ml fluids per day. It is easy to restrain the mother gently in a crush cage while feeding the infant either 'SMA' (Wyeth Laboratories, Taplow, DK) or 'Ionalyte' (Intervet Laboratories Ltd, Bar Hill, UK) using a small nipple. Often the infant will orient correctly to the mother's nipple within a few days. When the mother is totally uninterested, we remove the infant to an incubator heated to 27-33°C and train it to feed itself (Chamove, 1975) . A bottle with 'SMA' is continuously available at the top of a 20 mm piece of sloping mesh, and if guided to the nipple at hourly intervals between 0900 and 1700, most infants will learn to feed themselves within 30 h. Infants that have been previously fed 'SMA' while still with the mother learn to feed themselves faster than those not so fed. One feeding at 2200 on the 1st night is desirable but not essential. The milk need be changed only twice a day. We have reared over 40
Management
The aim of our management practices is to allow the monkeys to lead as normal a life as possible, to allow close observation, and to ensure staff safety. Wildcaught female stumptails are only dangerous when they are caught by hand without heavy gloves. Laboratory-reared adult males and females can be caught by hand if they have been handled when infants. This differs from the precautions taken with rhesus monkeys (MacArthur, Seamer & Veall, 1978) .
The 4 canine teeth of all of our adult males were cut off at gum level, the nerve removed, and the tooth filled. This reduced the danger to staff and to other monkeys from bites. We have observed no detrimental effect of the operation on the males' behaviour.
Feeding
The aim of our feeding regime is to supply economically a varied and nutritious diet. The monkeys, separated so as to ensure sufficient food for subordinates and pregnant females, are given commercial pelleted diets twice a day. These animals are fed so that they have food available for a minimum of 30 min. Dominant or obese animals are allowed to eat what is left by the subordinates and pregnant females in the morning, but in the evening are given at least 15 min with food. In addition animals are fed fruit or vegetables after the evening feed, cabbage twice and orange once a week, with fruit or more commonly vegetables in season-such as swede, potato and carrot, occasionally onion, banana skins, apple, brussels sprouts or lettuce-on the other days. All except the onion and leaf vegetables are cut into 2 cm cubes and frozen. When fed in the frozen state to the animals these items are eaten more slowly, ensuring more even distribution throughout the group. Leaf vegetables are scattered on the roof of the cage or pens, again for improved distribution.
The pelleted diets fed are Dog Diet (Spratts, Patent Ltd, Barking, UK), Modified 4IB (Oxoid Ltd, Redding, UK), Beta Diet A, Beta Rat & Mouse No 3, Old World Monkey Diet and Mazuri Diet (BP Nutrition (UK) Ltd, Witham, UK). In this way the animals receive a different diet every day. The least preferred diets are Dog Diet and 41B, the best liked Old World Monkey and Mazuri Diets.
In addition all animals receive a vitamin supplement. 15 ml 'Visorbin' (Smith Kline & French Laboratories Ltd, Welwyn Garden City, UK) per animal per week or 0·5 gm of 'Hycovite' (Hyco Products Ltd, Livingstone, UK) per animal per week are offered in the drinking water. Pregnant and lactating females receive milk twice a week plus orange juice and an extra half orange, as do the most subordinate or any underweight animals. Grain-primarily millet with small amounts of kibbled maize, rabbit diet animals this way with no problems. Hand-reared infants grow more rapidly during the first few years, but mother-reared monkeys later surpass them. The growth of our stumptailed infants is comparable to that reported (Kerr, Scheffler & Waisman, 1969) for rhesus monkeys reared by a similar method (Fig. 5) .
Recognition
Infants are tattooed by injecting a small amount of tattoo ink just beneath the skin with a hypodermic syringe. A modified rat ear-punch numbering system is used: each dot above the outside of the right eyebrow signifies 1, between the eyebrows signifies 3, and outside the left eyebrow signifies 6. Numbers up to 30 can be expressed using combinations of dots with almost no distress to the animals. We usually start again at 1 with every 20 infants. The dots last 5 years.
Chest tattoos are applied to adults. They have lasted well for 6 years, but the vibrating needle must be applied firmly when tattooing. Records are kept of food intake, body weight, illness, medication and social experience.
Health
Health has been good, with less illness and death than in most laboratories (Chamove, Cameron & Nash 1979) . Out of 83 births, 5 animals were born dead; 1 of these was a breech birth, and 2 were deformed. 3 infants, born to the same mother, were killed by her. 2 infants which died from hypothermia have been mentioned above.
The only serious health problem was an outbreak of salmonellosis, 3 years after the animals entered the colony, during which 2 animals each 3 years of age died. The source of the Salmonella was never discovered.
Periodically 2 other health problems arise. Infants from 7 weeks of age somtimes develop swollen glands at their axilla and groin. This condition clears up spontaneously.
Some individuals develop bloat syndrome when the stomach swells after feeding, and 1 animal of 3 years of age died. The condition can be treated by offering only small feeds to the animal.
One of the indirect effects of improving health and diet is shown by bodyweight. Our imported adult females weighed an average of 5 kg upon arrival, males 7 kg. Our laboratory-born animals reach these weights by 2 and 3·5 years of age respectively, and females are giving birth by 4 years of age. After 2 years in the laboratory the weights of the imported adult females and males had reached 14 and 15 kg respectively, and these females are now averaging 17·4 kg. Laboratoryborn 5-year-old adult females and males weigh on average 13·2 and 20·0 kg respectively, with maximum weights of 16 and 23 kg. This has obvious implications for cage design. When females are in oestrus their faces go bright red, but their legs are not swollen in the same way as in the rhesus monkey.
We use a harem system of breeding and housing in which 1 or 2 males live with 10-15 females. Sometimes we remove the males when we wish to stop females becoming impregnated. Recently we have used a male contraceptive, 1-(2,4-dichlorobensyl)-1 Hindazole-3-carboxylic acid (Upjohn Ltd, Crawley, UK) which allows the male to remain in the group. The presence of a dominant male serves to interrupt fights between females.
At times the males appear to become less interested in females, particularly in the less desirable ones. By switching males between groups for 1-2 days more matings result, but longer than 2 days can upset stable dominance hierarchies. The females accept all adult males as dominant without challenge. Females brought to individually-housed males will be mated irrespective of their stage in the oestrous cycle.
If an infant is removed from a female, the female is usually mated within 2-3 weeks. These early matings do not usually result in impregnation but the following matings often do. 5 of our females have had 5 infants in 6 years and would have had more if they had not been allowed to rear their infants and if males had been allowed in with them more often.
Most but not all females show obvious signs of abdominal swelling during pregnancy. 1-3 days before parturition the female frequently lies down in unusual positions, and parturition is immediately preceded by stretching movements. Births usually occur at night, and other animals have been seen to avoid the mother at this time. For several hours after the birth the colony is unusually and no~iceably quiet.
Mothers will occasionally steal the infants of more subordinate females. One female stole an infant 5 days before her own infant was born; the 1st infant lived but her own did not. Another mother who had lost an infant 2 days before stole a newborn infant. When we returned the infant to the rightful mother, the other animals were aggressive towards that mother and she and her infant had to be separated from the group until the infant could be removed and hand reared.
If infants have to be separated from their mothers, the best time is about 24 h after birth. Neither infant nor mother show signs of distress and the infant accepts a new diet immediately. The longer the infant is with the mother, the greater the distress on separation and the longer it takes to train the infant to feed itself. This etlect of separation reaches a peak at about 3 months of age for the infant, but probably rather earlier for the mother (Kerr, Chamove & Harlow, 1969) .
It is known that if rhesus monkeys are to be separated from their mothers and reared so as to be socially adequate they must be given social experience with peers before the age of 3 months, with more than 1 other animal, and for at least 1 h per day (Chamove, 1973b) . For the stumptailed macaque this appears to have to be before the age of 6 months, with at least 1 other animal, and for at least 2 h per day. Of course, earlier or more experience is desirable. We have given some infants all of their social experience overnight, and this had no detrimental effect.
Capture
When wild-born monkeys escape, the remammg monkeys are locked outside in the pens. The cage doors are opened, and the escaped animal usually quickly returns to its familiar cage or enters the unfamiliar cage of the animals on the other side of the colony. The animals are so excited that food is oflittle interest, but frozen whole bananas are sometimes helpful in their capture. This ploy is not effective if animals have escaped more than twice within a month. A pole syringe with xylazine hydrochloride ('Rompum'; Bayer Agrochem Division, Bury St Edmunds, UK) is then used to sedate the animal. 'Rompum' is favoured because only a small quantity (1 ml) is needed. For all other sedation a mixture of alphaxolone and alphadolone acetate ('Saffan'; Glaxovet Ltd, Greenford, UK) is employed. It is safe and works well with monkeys. We use a dosage of 1 mg/kg intramuscularly, less for males. Females are unconscious for about an hour (but for only about 5 min using intravenous injection of 1·5 ml/animal). Males may take longer to revive. As the biting reflex seems to be the first thing to be lost and the last thing to recover, it is possible safely to handle semiconscious animals. Most of our animals are trained to enter a transport cage 0·22 x 0·25 x 0·35 m, using food as a reward. One of these has been converted to a crush transport cage, but usually animals are transferred to a crush-back cage for treatment. For more serious occasions we have capture darts which in the UK requires a firearms certificate and special Home Office authority for use. We modified an 'Imp' toy crossbow (B & P Ltd, Bilston, UK) to fire pressure syringe darts (Paxarms, Kirkcaldy, UK) but we have never had to use it.
Cleaning
Floors and drop trays are cleaned daily, and cages are hosed down at the same time. Cages and rooms are more thoroughly cleaned once a week using a high-pressure hose. A washer rated at 1034 kN/m 2 (150 Ibf/in 2 ) proved ineffective. Our present pressure washer (Warwick Pump and Engineering Co. Ltd, Chamove Glasgow, UK) operates at 8274 kN/m 2 (1200 Ibf/in 2 ) at the nozzle and is satisfactory. It would be desirable to have the pressurized water plumbed into every room, but so far this has not been economic. Problems are that the washer is noisy, and that if we use warm water (as the specifications say we may) the seals wear out very quickly. Using cold water rapidly lowers the temperature to 10°C in the room being cleaned.
Because our colony is closed and the animals do not have infectious organisms at pathogenic levels, our use of detergents and disinfectants is restrained. Fruit and vegetables are washed in clear water, briefly immersed in a 1% ampholytic detergent solution ('Tego'; T. Goldschmidt Ltd, Eastcote, UK) to act as a disinfectant, and rinsed. Cages are washed using another detergent ('Tiket'; Diversey Ltd, Weston Favell Centre, UK), rinsed with the ampholytic detergent, and rinsed again with water.
Cleaning is one of the most time-consuming activities. We have decided that individual droppings pans are preferable to automatic flushing systems or to long pans which are hosed clean. I suspect that a good automatic flushing system coupled with a large waste-disposal unit may be even better, providing problems posed by loose bits of metal can be overcome.
Discussion
Our costs are calculated at the end of every year. The food, consumable and veterinary costs for 1977 and 1978 averaged £0·12 per animal per day. Of that 61% was the cost of pelleted diet, 11% other food (such as fruit, vegetables and milk), 11% consumables, and 17% veterinary costs. Veterinary bills were higher than usual for this period, and 6% would be a more normal allocation. This estimate does not include heating, caging or technical help.
These animals do not appear to show seasonality of births, but the number of births in September and November appear to be lower than in other months. Animal numbers have fluctuated over the years from 30 adults to 30 adults plus 10juveniles and 10 infants. 2 full-time technicians are very fully engaged when 6 or 7 rooms may be housing animals. They can cope easily when only 3 or 4 rooms are in constant use.
In 1980 all animals were tested for the presence of antibodies to B virus (Herpes simiae); all of the wild-caught animals and 80% of animals that had been housed with them for over 3 years were found to be positive, 4 infants aged I year on positive mothers were all negative. All infants removed from positive mothers before 30 days of age and reared either in separate rooms from the positive animals (n = 21) or in separate cages from but in the same room with positive animals (n = 12) were themselves negative. All positive animals were sold or killed.
